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ABSTRACT 
The purpose of this study was to examine the correlation between dietary trans 
fatty acids and levels of total serum cholesterol, high and low density lipoproteins, and 
the ratio of total serum cholesterol to HDL in apparently healthy post-menopausal 
women. 
Subjects (n = 21) were current members of the Eastern Illinois University Adult 
Fitness Program. All were moderately active Caucasian women determined to be post-
menopausal and not taking hormone replacement therapy or lipid lowering medications. 
Mean age of the subjects was 69.1±9.1 years. 
Dietary intakes were assessed with the use of a multiple day food record and 
personal interviews. The first was a face to face interview using food models to assess 
portion sizes, while two following interviews were done over the telephone. Intake 
during one 24 hour period was collected per interview. From the collected data from the 
food records, grams of trans fatty acids consumed were determined for each individual. 
In addition fasting blood lipid profiles were obtained for each subject through venous 
blood samples. 
The mean dietary trans fat consumed over the three day period was 51.68 ± 38.45 
grams. Lipid profile values were determined for total cholesterol (TC), HDL, LDL, and 
HDL/TC ratio. The mean value of total cholesterol (TC) for the 21 subjects was 220.8 ± 
40.5 mg/dL. The mean values for HDL and LDL were 51.2 ± 15.3 and 142.6 ± 45.7 
mg/dL respectively. The mean HDL/TC ratio was 4.7 ± 1.6. The blood lipid profile 
values were correlated to trans fat values. The correlations (r) were calculated as follows: 
.29 for TC and trans fat, .14 for HDL and trans fat, .49 for LDL and trans fat, and .13 for 
the TC/HDL ratio and trans fat. 
There were no statistically significant correlations found in this study between 
trans fatty acids in the diet of these women and their lipid profiles. The values show only 
weak relationships between trans fat and TC, HDL and TC/HDL ratio, and a moderate 
relationship between LDL and trans fat. 
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CHAPTER I 
INTRODUCTION 
Seventy percent of all premature deaths, disabilities, and illnesses in the United 
States are associated with dietary risk factors (Gabel, 1992). If Americans were to follow 
the United States Health and Human Services recommendations for better nutrition, the 
incidence of coronary artery disease (CAD), cancers, stoke, diabetes, atherosclerosis, and 
alcohol related illnesses would be greatly reduced (Britt, 1990). However, there is still a 
lot to learn about the impact of nutrition information and education on health. 
Many studies have emphasized the importance of reducing saturated fats out of 
concern for their effect on increasing blood cholesterol levels, and therefore increasing 
the risk of CAD. The American Heart Association (AHA) estimates that as many as 11.2 
million Americans will develop CAD, but the role, if any, of trans fats in the 
development of this disease is unknown (Bullock, 1995). The AHA also states that CAD 
risks can be predicted from serum cholesterol and other existing risk factors (as cited by 
Dwyer, 1995). However, more recent research has started to focus on foods containing 
trans fatty acids, and their effects on cholesterol levels. Naturally occurring unsaturated 
fats and oils are composed of a carbon "backbone" (long chains of carbon atoms with 
hydrogen atoms attached to them) bonded to an acid group containing a double bond, and 
a cis-double bond in the backbone. This means that the double bond in the long chain is 
located on the same side (cis) of the carbon backbone as the double bond in the acid 
group. Trans-fatty acids on the other hand, are usually formed by a process known as 
hydrogenation, or the addition of hydrogen atoms. This process changes the chemical 
1 
properties of the oil to a solidified fonn for manufacturing and commercial use. When 
trans fatty acids are formed, the double bonds then lie on the opposite side (trans) of the 
carbon backbone from the double bond in the acid group. (See figure 1, taken from 
Mensink & Katan, 1990.) Trans fatty acids can also be synthesized by bacteria in the 
rumen of some animals (5% of total trans fats), but their primary origin (95%) lies in the 
process of hydrogenation (Enig, 1996). 
Cis double bond: olelc acid 
Trans double bond: el&Jdic acid 
Figure 1. Structure of Cis and Trans Fatty Acids 
Note: Cis double bonds produce a bend in the fatty acid molecule which keeps it a liquid oil. When 
it is converted into a more solid form via hydrogenation, the cis molecules of edible oils straighten 
out, forming the trans configuration. 
Source: Mensink and Katan, 1990. 
Products that are high in trans fatty acids include: margarines, many of which 
contain 30-50% dietary trans fatty acids (Ostlund-Lindqvist, Albanus & Croon, 1985); 
2 
baked goods using hydrogenated vegetable oils; french fries and other deep fried foods; 
and vegetable shortenings, created to replace lard (Katan, 1994). These trans fatty acids 
have physical properties similar to saturated fatty acids, making them rigid rather than 
fluid in cell membranes. Therefore, some researchers state that these fats are 
metabolized similarly to saturated fats in the human body (Dupont, White & Feldman, 
1991). 
Due to this potential effect of trans fatty acids on raising blood cholesterol levels, 
there is a need to continue research in this area. Hyperlipidemia is one of the primary 
risk factors of coronary heart diseases, which are responsible for the greatest number of 
adult deaths every year in the United States (ACSM, 1995). 
Purpose 
The purpose of this study was to examine the correlation between dietary trans 
fatty acids and levels of total serum cholesterol (TC), high density lipoproteins (HDL), 
low density lipoproteins (LDL), and the ratio of total serum cholesterol to HDL 
(TC/HDL) in apparently healthy post-menopausal women. 
Hypothesis 
There is a positive relationship between the level of trans fatty acids in the diet 
and the level of total serum cholesterol, LDL levels, and TC/HDL ratio, and there is an 
inverse relationship of dietary trans fatty acids with HDL levels. 
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Significance 
The incidence of CAD in the United States is overwhelmingly high, and an 
elevated cholesterol level is thought to be one of the primary causes (ACSM, 1995). 
Many Americans are aware of the dietary influences of saturated fats, and many have had 
first hand experience of being medically advised to switch from butter to margarine as a 
healthier alternative. There is evidence to suggest however, that this may not be a more 
healthful alternative in preventing adverse affects on the lipid profile of humans. In fact, 
there is evidence suggesting that trans fatty acids may not only raise TC and LDL levels, 
but they may also lower HDL cholesterol levels (considered to be the "good" 
cholesterol), correspondingly increasing the coronary risk ratio depicted by the TC/HDL 
ratio ("More on estrogen and lowered heart attack risk", 1995). Because the 
consumption of partially hydrogenated fats is almost universal in the United States, the 
number of deaths attributable to such fat is likely to be substantial (Willett & Ascherio, 
1994). Some researchers feel that federal regulation should require manufactures to 
include trans fatty acid content on food labels, and also to reduce or eliminate the use of 
hydrogenated fats in consumer products. 
Limitations 
This study was limited to the female participants of the Eastern Illinois University 
Adult Fitness Program who volunteered to participate in the dietary analysis. Therefore, 
this study may not be representative of all post-menopausal women, especially sedentary 
women. Secondly, the sample size was relatively small, n = 21. Third, many of these 
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women were already conscious of adopting a healthy lifestyle including taking steps to 
follow a sensible diet. Fourth, the women in the study who already had diagnosed 
hypercholesterolemia, were aware of their condition and thus, may have already modified 
their diet accordingly, reducing their total fat intake, and therefore also consuming less 
trans fats. Fifth, there are limitations of using food diary record for data analysis. For 
example, although subjects are instructed to keep track of their food as they are 
consumed, people are probably more likely to write it down at the end of the day, or even 
the next morning when foods and portion sizes are not fresh in the memory. Another 
problem with the food dietary record is that when people know they have to report what 
they are eating on a given day, they may either consciously or subconsciously modify 
their diet on that day. A sixth limitation of this study is the fact that as much as 6 months 
may have passed between collecting the dietary data and when cholesterol values were 
obtained. Another important limitation is that saturated fats were not measured or 
controlled for in this study, although they are known to alter cholesterol levels. Lastly, 
since trans fatty acids are a relatively new area of concern in the nutritional field, 
databases used to analyze these fats are highly limited, and manual data analysis was 
required for this study. Enig (1996) found that all of the existing databases, including the 
provisional table used for this study, contain some discrepancies in the amount of trans 
fat estimated for a single food. For example, "cookies" were estimated the same for each 
subject, but in reality there are differences in the amount of trans fat depending on the 
brand name of the cookies. 
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Definition of Terms 
Cis fatty acids-naturally occurring unsaturated fatty acids in which the long carbon 
chain is bent due to the location of the double bonds on the same side of the carbon 
backbone. 
Coronary Heart Disease or Coronary Artery Disease (CAD)-the terms are used 
interchangeably to describe a number of conditions that fall under this classification of 
artery or heart diseases such as hardening of the arteries, plaque buildup in the arteries of 
the heart, angina (chest pain), and hypertension. 
High Density Lipoproteins (HDL)-type of cholesterol containing lipoprotein in the 
blood which has been found to be a risk factor for heart disease. This lipoprotein is often 
called the "good cholesterol" because higher values of HDL are associated with lower 
CAD risk. 
Hydrogenation-process involving the addition of hydrogen atoms to unsaturated fats 
to make them more solid. The process causes the formation of a double bond in the 
trans formation, or opposite sides of the fatty acid chain, verses cis-fatty acids in which 
the double bond is located on the same side of the fatty acid chain, which is how they 
exist naturally. 
Hypercholesterolemia-the condition of having high blood cholesterol, usually defined 
as over 200mg/dL. 
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Hypercholesterolemic-having a blood cholesterol raising effect. 
Isomeric fatty acid-commonly used to refer to unsaturated fatty acids which exist in 
either the cis or the trans configuration. 
Lipid profile, Total Lipid profile, or Lipoprotein profile--determined by taking a 
fasting venous blood sample. The profile includes measures of total cholesterol, HDL, 
LDL, and triglycerides. These four values make up the lipid profile. (TC/HDL ratio can 
then be determined mathematically.) 
Low Density Lipoproteins (LDL)-type of cholesterol containing lipoprotein in the 
blood that has been found to be a risk factor for CAD. This lipoprotein is labeled the 
"bad cholesterol" because higher values are associated with higher risk of CAD. 
Monounsaturated fat-fatty acids with only one double bond found along the carbon 
chain (Hoeger & Hoeger, 1992). 
Polyunsaturated fat-fatty acids with two or more double bonds found along the 
carbon chain (Hoeger & Hoeger, 1992). 
Saturated fat-fatty acids with carbon atoms fully saturated with hydrogen atoms, 
therefore only single bonds link the carbon atoms on the chain. 
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Total serum cholesterol (TC)--total amount of cholesterol in the blood. TC has been 
determined to be a risk factor for heart disease. Lower values have been associated with 
lower risk of CAD, any value under 200mg/dL is considered normal. 
TC/HDL ratio or Coronary Risk Ratio-a ratio calculated by dividing the total 
cholesterol value by the HDL value. This quotient has been established as a predictor of 
CAD; a ratio of less than 4 is considered desirable, and higher values are associated with 
a higher risk of CAD. 
Trans fat or trans fatty acids-a byproduct formed by the process of hydrogenation, in 
which unsaturated vegetable oils are solidified for manufacturing and commercial use. 
Double bonds in these fatty acids are on opposite sides of the carbon chain (Hoeger & 
Hoeger, 1992). 
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CHAPTER II 
REVIEW OF LITERATURE 
An individual's diet is linked to serum lipid levels, high blood pressure, and other 
risk factors of CAD. According to Shrapnel, et al.(1992) changes in the typical diet may 
have contributed to a fall in CAD risk and mortality. Through dietary changes it may be 
possible to decrease the risk of certain diseases. The current interest in reducing heart 
disease risk involves attention to total fat, saturated, monounsaturated, polyunsaturated, 
and trans fatty acids, as well as to dietary cholesterol, soluble fiber, salt, alcohol, and 
other dietary constituents as well (Dwyer, 1995). This chapter will review the existing 
literature on the metabolism and dietary availability of trans fats, and their relationship to 
blood lipids and lipoprotein levels, in addition to their role in CAD risk. 
Metabolism of Trans Fatty Acids 
The distribution and levels of trans fatty acids in rat tissues have been reported to 
be influenced by the diet (Ostlund-Lindqvist et al., 1985). In their research, they found 
that when rats were fed trans fatty acids, their phospholipids were affected, and contained 
these trans fatty acids in them. Another study using rats was conducted by two 
biochemists at the Technical University of Denmark, H<j>y and H<j>lmer (1990). This 
study used seven groups of 8 rats fed different combinations of oils in their diets to 
examine the influence of linoleic acid (a cis fatty acid) and trans fatty acids on the fatty 
acid profile in these animals as determined by autopsy. Trans fatty acids were found in 
various organs of the rats, particularly the heart and liver. This is an important finding 
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because rat tissues have been established by research to behave similarly to human 
tissue. Trans fatty acids have physical properties like saturated fatty acids, making them 
rigid rather than fluid in cell membranes, and thus believed to act like saturated fats in 
the human body. Saturated fats have been determined by research to have a strong 
influence on CAD. 
One study by Wood, et al.(1993) used 40 Texas A & M healthy male faculty 
members, aged 30-60 years, to examine the effects of two margarines on serum lipids 
and lipoprotein levels. One of the margarines contained zero trans fatty acids and the 
other contained 29% trans fatty acids. This was done using five diet periods of 6 weeks 
each, with a 6 week wash out in between each diet period. The results of the study 
showed that the margarine with no trans fat lowered total cholesterol and LDL levels 
significantly with no change in HDL levels; but the trans fat margarine did not change 
serum cholesterol, LDL, or HDL levels. The data indicate that trans fatty acids were not 
metabolically equivalent to the naturally occurring cis isomers, and that margarines 
containing trans fats did not alter the serum lipid profile positively (Wood et al., 1993). 
The structure of trans fatty acids suggests that they are metabolized like saturated fatty 
acids. They are absorbed and stored, transported and oxidized for energy similar to other 
dietary fatty acids (Dupont et al., 1991). For a number of decades scientific research has 
established the dietary risk associated with CAD and blood cholesterol levels. 
According to Fred A. Kummerow (cited in Beardsley, 1991), a food scientist at the 
University of Illinois at Urbana-Champaign, "trans monounsaturates act in the body like 
saturated fats" indicating the need to address these fats for dietary concern. 
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Dietary Availability of Trans Fatty Acids 
In order to perform research on the dietary influence of a substance, it is helpful to 
establish the dietary availability of that substance. Foods have been analyzed chemically 
to determine their trans fat content. The problem however is not determining exactly 
how much trans fat is in food, but rather determining exactly how much is being 
consumed. Beginning in the 1950' s the food industry has capitalized on its ability to turn 
liquid oils into solid fats (Enig, 1996). Since the l 960's there has been a gradual decline 
in butter sales with a subsequent increase in margarine sales, partially reflecting 
consumer efforts to reduce saturated fat intakes and increase polyunsaturated fat intakes 
for health purposes. This increase in hydrogenated polyunsaturated fats indicates the rise 
in products that are being consumed which contain trans fatty acids (Hunter & 
Applewhite, 1986). According to Katan, Zock, and Mensink (1995) many people eat no 
more than a few grams per day, which they believe would produce only modest effects 
on lipoprotein concentrations. The estimation of the amount of trans fatty acids 
consumed in the dietary studies reviewed varied considerably. According to Panigrahi & 
Sampugna (1993), the average dietary intake in the U.S. has been estimated to be 
anywhere between 7.6 and 13.3 grams (g) of trans fat per person per day. Hunter and 
Applewhite (1991) increased their dietary estimate from 7 .6g/person/day in their 1984 
study to 8.1 g/person/day in 1991. The Federation of American Societies for 
Experimental Biology (F ASEB) predicted 8.3 g/person/day (Hunter & Applewhite, 
1991). Enig, Atal & Sampugna, (1990) believe that the estimated amounts used in most 
studies are too low. They stated that most Americans consume a mean of 19.3 
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g/person/day of trans fats. They indicated that for health considerations, an intake of 8 
g/person/day or less should be recommended. 
Effect of Trans Fatty Acids on Serum 
Cholesterol and Lipoprotein Levels 
Recent research has focused on the dietary impact of dietary trans fatty acids on 
total serum cholesterol, LDL, and HDL levels. According to Katan, et al. (1995) trans 
isomers of oleic acid lower HDL and raise LDL. One representative study that raised 
much awareness was "The Dutch study". This study reported remarkable elevations in 
serum cholesterol and LDL levels with higher trans fat intake, but the most important 
finding was a notable decline in HDL levels. The subjects used in the Dutch study, 
conducted by Mensink and Katan (1990) were 34 women (mean age 26 years) and 25 
men (mean age 25 years), all apparently healthy. The subjects all followed three 
different diets for three weeks each, with no wash out period in between the different 
diets. The diets were identical except that 10-11 % of the daily energy intake was 
provided by: (diet 1) oleic acid with one cis double bond; (diet 2) trans isomers of oleic 
acid; and (diet 3) saturated fatty acids. The results of the study showed that trans fatty 
acids were hypercholesterolemic as compared to the cis oleic acid, and that the 
hypercholesterolemic effect of the trans oleic acid was about half of that of the saturated 
fat diet. Both total serum cholesterol and LDL levels also were elevated in diets 2 and 3 
above, but the effect of trans fatty acids on the lipoprotein profile was even more 
unfavorable than this finding suggests. The level of HDL was lowered in the trans fat 
diet, causing the ratio of total cholesterol/HDL to be nearly double that of the saturated 
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fat diet. The Dutch study was criticized for the amount of trans fatty acids that they used 
in the diet. The subjects consumed 34g/person/day, which is about two to four times the 
estimated average daily intake cited in other literature (Judd et al., 1994). However, they 
have also been commended by others for their methodology and procedures used in this 
study ("The trouble with margarine", 1991 ). In addition McKeigue ( 1995) criticizes the 
Dutch study for relying on self-reported dietary data rather than biological markers such 
as adipose tissue concentration. 
A number of studies were done in response to these findings, and many of them 
have observed similar results. The researchers of the Harvard study, Willett and 
Ascherio ( 1994) also concluded that trans fats are even more harmful than saturated fats. 
Their conclusion was based on the evidence determined from the Dutch study, 
particularly the finding of the doubled value of the TC/HDL ratio. Nestel, et al. (1992) 
used 26 mildly hypercholesterolemic men put on a series of dietary periods varying the 
amount of trans fatty acids that were present in the diet from low to moderate to high 
intakes in random order with washout periods in between. The results of the study did 
not confirm a rise in total cholesterol and LDL levels, but they did show a decline in 
HDL levels and subsequently an increase in the CAD risk ratio. Troisi, Willett, and 
Weiss (1992) who studied 748 men aged 43-85 years, used a multiple-linear-regression 
analysis to adjust for age, body mass index, waist to hip ratio, circumference index, 
smoking status, physical activity, alcohol consumption, total energy, dietary cholesterol, 
linoleic acid intake, and previous serum cholesterol concentration. They concluded that 
trans fatty acids were directly related to total serum cholesterol and LDL levels, and 
inversely related to HDL cholesterol. The TC/HDL ratio also was positively associated 
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with trans fatty acid intake as seen by an increase from a ratio of 4.4 at a 2.lg/person/day 
intake to a ratio of 4.9 for subjects consuming 4.9g/day. All of the above results were 
found to be statistically significant. Although both of these values are fairly low values 
of consumption, the significant increase in trans fats, corresponds to a significant 
increase in the coronary risk ratio. 
Mensink and Hornstra (1995) reported the results of an analysis of 38 men 
following two diets for six weeks each in random order. The first diet was a Western-
type diet in which trans fat content equaled 4.7g/person/day, which was followed by a 3 
week wash out period. The subjects then consumed a modified diet in which trans fat 
content equaled 2. lg/person day and 70% of the fat intake of the first diet was replaced 
by palm oil, a naturally occurring cis-unsaturated fat. Although the trans fat diet still 
only consisted of 4.7g/day, a relatively low value, the results showed a significantly 
higher level of serum triacylglycerols and platelet phospholipids on the trans fat diet, as 
compared to the cis fat diet. 
Zock and Katan (1992) compared the effects of linoleic acid (a cis fatty acid) and 
its hydrogenated products elaidic (a trans isomer), and stearic acid (which has a lower 
concentration of trans fatty acids) on serum lipoprotein levels in humans. Twenty six 
men and 30 women, all apparently healthy, followed the three experimental diets 
(linoleic, elaidic, and stearic) for 3 weeks each in random order using a multiple-
crossover research design. Fasting lipid profiles were drawn at the end of each dietary 
period. The mean LDL level rose from 109 ± 24 mg/dL while on the linoleic diet to 116 
± 27 mg/dL on the stearate diet (an increase of 7 mg/dL), and to 119 ± 25 while on the 
trans fat diet (an additional increase of 4mg/dL). HDL cholesterol decreased by 2mg/dl 
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from the linoleic diet to the stearate diet, and an additional decrease of 4mg/dL on the 
trans fat diet. These findings showed that trans fatty acids in the diet significantly 
decreased HDL cholesterol and raised LDL cholesterol relative to the linoleic acid diet. 
All of the above studies have shown dietary trans fatty acids to produce an 
increase in LDL and/or a decrease in HDL levels of subjects. This would indicate that 
the overall effect of trans fatty acids on lipid profiles is likely to be unfavorable. Other 
studies, however, did not confirm these results. One study used a Latin square design, 
where 29 men and 29 women aged 25-65 years consumed controlled diets of low, 
moderate, and high trans fat contents, and a fourth diet consisting of saturated fats (Judd 
et al., 1994). LDL cholesterol increased proportionally to increased trans fats, but HDL 
did not change from the low to the moderate trans fat diets, and decreased slightly on the 
high trans fat diet. None of the diets, however altered cholesterol levels to the extent that 
the saturated diet did. Most people consume fewer grams of trans fatty acids than 
saturated fat, and therefore trans fats may only have modest effects on lipoprotein 
concentrations. Judd et al. (1994) felt, however that there is enough evidence to suggest 
that trans fatty acids do differ metabolically from their cis fatty acid counterparts, and 
may effect serum cholesterol and lipoprotein levels adversely. 
Another similar study by Nestel, et al (1992) published in the Journal of Lipid 
Research used a double blind comparison of four separate diets. They concluded that 3 
weeks of consumption of trans fatty acids at about 7% total energy (which they believe to 
be about twice the Australian average) did not significantly change LDL cholesterol 
levels over other diets examined in the study. 
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Cardiovascular Disease and Trans Fatty Acids 
In both men and women, cardiovascular disease is the number one cause of 
premature death and disability in the United States. Total serum cholesterol is a primary, 
independent risk factor for heart disease (ACSM, 1995). In addition, high LDL levels 
and/or low HDL levels are also associated with risk of CAD. The coronary risk ratio is 
determined by the value of total serum cholesterol divided by the HDL level, and is 
thought to be a valuable predictor of CAD (ACSM, 1995). Substantial data support the 
notion that the trans fatty acids contained in partially hydrogenated vegetable oils 
adversely affect the risk of CAD (Ascherio & Willett, 1995). According to Lichtenstein 
(1993), the consumption of hydrogenated vegetable oils rather than unhydrogenated 
vegetable oils may negatively influence the plasma lipids and risk of CAD. Willett, et al. 
(1993) conducted the Nurses' Health Study, in which 85,095 registered nurses completed 
dietary questionnaires. These questionnaires were then used to evaluate the influence of 
trans fatty acids on CAD. The subjects had no history of diagnosed CAD, stroke, 
diabetes, or hypercholesterolemia at the beginning of the study in 1980. The amount of 
trans fats they were consuming were estimated using values obtained by Enig, Pallansch 
& Keeney (1983) and Slover et al. (1985). During 8 years of follow up, those women 
who were consuming approximately 4.0 g/day of trans fats were 50% more likely to 
develop CAD than those women who were consuming 2.4g/day. There were 431 new 
cases of CAD measured by non-fatal myocardial infarctions or death caused by CAD. 
These findings supported the hypothesis that the consumption of partially hydrogenated 
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vegetable oils, or foods that are major sources of trans isomers, is associated with a 
higher risk of CAD. 
Troisi et al., (1992) conducted a cross-sectional study of 748 men aged 43-85. A 
semi-quantitative food frequency questionnaire was used to assess dietary intake. The 
results determined that trans fatty acids were associated with an adverse lipoprotein 
profile, and an increased incidence of myocardial infarction. Trans fatty acids were 
positively related to LDL level and inversely related to HDL level. Trans fatty acid 
intake was positively related to TC/HDL ratio, and directly related to total serum 
cholesterol and LDL level. Troisi et al. (1992) reported that this effect on the TC/HDL 
ratios would correspond to a 27% increase in the risk of myocardial infarction. 
Reviews by the National Research Council, and the Canadian Scientific Review, 
however, found that trans fatty acids posed little cardiovascular risk at current levels of 
intake (Shrapnel et al., 1992). Margaret A. Flynn, a nutritionist at the University of 
Missouri, conducted a dietary experiment with 71 faculty members. Those who usually 
consumed butter were asked to switch to margarine, and vice-versa. She found that it 
made no difference in cholesterol levels whether the subjects consumed the saturated fats 
contained in butter or the hydrogenated trans fats contained in margarine (as cited in 
Beardsley, 1991). Emken, Hudgins and Hirsch (as cited in Beardsley, 1991) published a 
study in the American Journal of Clinical Nutrition which found no association between 
levels of trans fats in human adipose tissue and their cholesterol profiles. They suggest 
that trans fats are not a major threat to most people. 
In summary, it appears that there is a great deal of evidence to suggest that there is 
a need for further investigation of trans fatty acids. Although the evidence is not 
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unanimous, there is certainly enough evidence that suggest that trans fatty acids in the 
diet certainly may pose a threat to the health of Americans, and this issue needs to be 
addressed. 
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CHAPTER III 
METHODS 
The description of subjects, the collection of data and the analysis procedures are 
explained in this chapter. 
Subjects 
Setting for the Study 
The subjects for this study were recruited from the Eastern Illinois University 
Adult Fitness Program which is sponsored by the Physical Education department at EIU, 
located in Charleston, Illinois. This program is available to all apparently healthy adults 
over the age of 21 who are interested in increasing their cardiovascular endurance, 
muscular strength, and muscular endurance. Supervised exercise is administered in a 
structured environment. Subjects for this study were recruited from the program on a 
voluntary basis. 
Target Population 
The target population was post-menopausal, apparently healthy women as 
determined by their health history questionnaire, medical screening and evaluation. To 
be considered post-menopausal, subjects must have been without menses for at least one 
year. Women were eliminated from the subject pool if they were current cigarette 
smokers, diabetic, or sedentary. Women taking medications such as post-menopausal 
hormone replacement therapy (HR T), antihyperlipidemic agents, or any drug that may 
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alter blood lipid levels as determined by the Physician's Desk Reference were also 
eliminated from participation in the study. 
Recruitment of Subjects 
Subjects were recruited in three ways. First, the researcher called the potential 
subjects on the telephone to encourage them to participate in the study. Second, a sign 
was posted at the exercise site to encourage interest from prospective subjects to have a 
"nutritional analysis" done. Third, exercise leaders verbally encouraged members to 
partake in a nutritional study if they were post-menopausal women. 
Twenty three women who met all criteria were recruited as subjects for this study. 
Two subjects were eliminated during the study, one because she was following a very 
strict, rapid weight loss diet during the time of dietary collection. The second was 
eliminated because no blood results were obtained for that subject. 
Collection of Data 
Blood Lipid Profile 
The subjects received regular fasting blood lipid profiles as part of their 
membership in the adult fitness program, the most recent of which was used to determine 
their total serum cholesterol, LDL, HDL and TC/HDL ratio for this study. The screening 
used for this study was a maximum of 6 months from the date of their dietary data 
collection. 
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Dietary Record 
A three day dietary intake diary was used for the analysis. Two weekdays and one 
weekend day were used, and subjects were encouraged to pick the most typical days to 
record. If they engaged in a weekly event involving food (such as dinner out after church 
every Sunday, or a Thursday night card group where snacks are served) they were 
encouraged to use that for one of their three days. (A sample of the record sheet used is 
displayed in Appendix A.) Special attention was paid to what and how much was eaten, 
where the food was eaten, name brands, principal ingredients, whether foods were 
homemade or commercial, properties of the foods consumed such as stick, tub, whipped, 
etc., and whether the foods were imitation, reduced calorie, or fat-free products. (See 
Appendix B for the Checklist for Dietary Records used to help subjects keep accurate 
food diaries.) 
Dietary Assessment Sessions 
The first day of data collection was recorded via a face to face interview with the 
researcher, which took approximately 30-45 minutes. For this original interview the 
researcher went to the subject's home if possible. This way the subject might feel more 
comfortable with the interview, and in many cases were able to present the actual food 
packages for the researcher to examine labels, as well as the bowl or cup the subjects 
used. This enabled the researcher to more accurately assess the food products, brand 
names and food portion sizes. Only five subjects did not have this face to face interview 
in their home. Two of the subjects met the researcher in the Adult Fitness program 
office, and the other three met the researcher at a public meeting spot. In these five 
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cases, more time was spent discussing brand names, principle ingredients, recipes 
followed, food properties and portion sizes. Food models and size of fist or palm of 
hand were used as visual cues to help determine portion sizes. The same models were 
used for every subject. Information for the second two days were collected through 
telephone interviews of 10-15 minutes each, in which the researcher made references 
back to models used and the fist and palm size. The subjects were instructed to write 
down everything that they put into their mouth on the chosen days, and did so prior to all 
of the interviews, including the first face to face interview. Subjects were not told what 
in their diet was being examined, nor were they made aware that their lipid profile was of 
any significance prior to dietary collection. The same researcher conducted all of the 
interviews. 
A traditional multi-day diet record was used since it has been found to provide 
valid assessments (Block, 1986). There are a number of strengths to using this method 
of assessment for dietary studies. First, it is usually fairly representative of an 
individual's typical diet. Second, it does not require a great deal of time, although more 
than a food frequency questionnaire, to collect the dietary data. Third, it allows for great 
variety of foods in the diet. Since subjects are not forced to pick from a list of foods, 
they can report exactly what was eaten. This method was chosen over the 24 hour 
dietary recall method, which may not provide a valid reflection of an individual's diet 
(Block, 1986). 
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Analysis Procedures 
Trans Fatty Acids 
The trans fatty acid content of each subject's diet was analyzed manually, using 
the fatty acid profiles developed (but not published) by Dickey and Caughman (1995) 
from the Food Safety and Inspection Service and the Centers for Disease Control and 
Prevention. This is a list of 123 food sources with grams of trans fatty acids per 100 
grams of food determined (Appendix C). For the subjects interested in receiving 
nutritional feedback from their participation in the study, further nutrient analysis was 
done afterwards. For many of the foods consumed by the subject the researcher asked 
for the name brands and properties of the foods, and was then able to go the grocery store 
to examine the food labels more closely for fat content and primary ingredients. For 
example, if "Fleshman's stick margarine" was consumed, the researcher was able to 
determine that "com oil" was the primary oil used by that manufacturer, and could then 
make the proper choice on the fatty acid profiles in regard to their trans fat content. 
Some foods which were absent from the list completely, were substituted by the most 
similar food found on the list such as using 2 slices commercial white bread for a 
commercial white hamburger bun. Other foods that were absent from the list, like 
commercial peanut butter, was estimated using the summation of fat technique. This was 
done by taking the total fat grams minus the saturated, monounsaturated, and 
polyunsaturated gram amounts. The remaining "unaccounted for" grams was used as the 
estimate of the trans fat grams. The same substitution was used for every subject for 
consistency. 
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Total Lipid Profiles 
All subjects underwent a fasting lipid profile test to determine their total lipid 
profile levels. Blood was drawn intravenously and analyzed at the Sarah Bush Lincoln 
Health Center laboratory in Mattoon, IL. Subjects were asked to be fasting for 14 hours 
prior to the blood test. LDL values were not received for two subjects, but all other 
values were complete. For those two subjects their data was omitted from the LDL 
statistical calculations and graphs, and n = 20 was used. (See Table 1, subjects 8 and 
20). 
Statistical Analysis 
A direct correlation method was used. The three day total for grams of trans fats 
consumed by each subject was correlated to: (a) total cholesterol (TC); (b) HDL level; 
(c) LDL level, all measured in mg/dL; and (d) TC/HDL ratio. 
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CHAPTER IV 
RESULTS AND DISCUSSION 
The purpose of this chapter is to present the results of the data compiled in this 
study, and includes a discussion of the results. 
Results 
Population 
All of the subjects (n=21) were moderately active, post-menopausal, Caucasian 
women. The mean age of the subjects was 69.l ± 9.1 years. The youngest subject was 54 
and the oldest subject was 86. Moderately active is defined for the purposes of this study 
as participating in at least 20 minutes of continuous aerobic activity, an average of three 
days a week. All of the subjects had been members of the adult fitness program for at 
least a year, many for much longer. 
Trans Fatty Acids 
Using the fatty acid profiles established by Dickey and Caughman (1995), shown 
in Appendix C, the consumption of trans fatty acids were manually calculated for the 
three days of diet for each subject (Table 1). The mean 3 day total for all subjects was 
51.4 ± 38.7 grams (Table 2), or 17.1 ± 12.9 g/day. The highest 3 day value was 157.5 
grams (52.5 g/day) and the lowest value was 7.8 grams (2.6 g/day). 
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Table 1: Raw data collected for 21 subjects 
SUBJECT AGE Trans Fat TC HDL LDL TC/HDL 
(years) (3 dav total) (m2/dL) (mg/dL) (m2/dL) Ratio 
1 79 7.83 244 34 141 7.2 
2 78 17.40 175 39 122 4.5 
3 66 22.36 215 35 133 5.6 
4 62 22.63 187 52 118 3.6 
5 61 23.59 204 44 148 4.6 
6 81 26.12 181 70 99 2.6 
7 70 27.15 176 39 122 4.7 
8 65 32.34 286 44 unknown 6.5 
9 55 33.05 176 73 96 2.4 
10 77 35.01 204 48 134 4.3 
11 68 35.27 205 30 134 6.8 
12 65 38.48 283 51 202 5.5 
13 76 39.39 227 66 140 3.4 
14 86 50.88 290 60 204 4.8 
15 84 56.11 243 76 149 3.2 
16 64 71.28 145 46 89 3.2 
17 60 75.55 228 67 151 3.4 
18 54 92.82 239 43 158 5.6 
19 68 96.22 238 45 170 5.3 
20 67 124.29 215 80 unknown 2.7 
21 65 157.52 274 34 200 8.1 
Table 2: Table of Results 
VARIABLE MEAN STANDARD CORRELATION 
DEVIATION (with Trans fat) 
Age 69.l 9.1 -----
Trans fat 51.7 38.5 -----
TC 220.8 40.5 .29 
HDL 51.2 15.3 .14 
LDL 142.6 45.7 .49 
TC/HDL Ratio 4.7 1.6 .13 
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Lipid Profiles 
Total Cholesterol (TC) for all subjects ranged from 145 mg/dL to 290 mg/dL 
(Table 1 ). The mean ± standard deviation was determined to be 220.8 ± 40.5 mg/dL. 
HDL values ranged from 30 mg/dL to 80 mg/dL with a mean of 51.2 ± 15.3 mg/dL. LDL 
values ranged from 89 mg/dL to 204 mg/dL, with a mean of 142.6 ± 45.7 mg/dL. The 
ratio of TC/HDL was calculated for each subject and the mean value was 4.67 ± 1.60. 
The lowest value was 2.4 and the highest was 8.1. 
Lipid Values vs. Trans Fats Consumed 
A direct correlation method was used to determine: (a) total cholesterol 
(TC) vs. trans fats consumed, r = 0.29; (b) HDL level vs. trans fats consumed, r = 0.14; 
( c ); LDL level vs. trans fat consumed, r = 0.49; and ( d) TC/HDL ratio vs. trans fats 
consumed, r = 0.13 (Table 2). None of these correlations were found to be statistically 
significant, but the trendline of the following graphs (Figures 2,3,4, and 5) does indicate 
that all results did have a positive relationship, including the HDL level verses trans fats 
which was hypothesized to be an inverse relationship, and as many of the studies 
reviewed also indicated. LDL levels showed only a moderate relationship with dietary 
trans fat, and the rest of the correlations indicated low to very low relationships. The 
calculations, graphs, and trendlines in the following figures were done using Microsoft 
Excel, part of the Microsoft Office software used in Windows 95. 
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Discussion of Results 
Dietary factors are associated with approximately 70% of all premature deaths, 
disabilities, and illnesses in the United States (Gabel et al., 1992). Following the 
guidelines recommended by the U.S. Health and Human Services for better nutrition is 
important towards lowering this risk. Saturated fat has been established by research to 
account for increased health risks, and many guidelines and recommendations now exit 
in regards to the human consumption of saturated fats. The speculations and new 
findings about trans fatty acids require further research to determine the roll of trans fatty 
acids upon health risk, and recommendations for their consumption need to be 
established. 
Most research that has been done on the consumption of trans fatty acids as 
reviewed in Chapter 2, has examined a change in the blood lipid profile based on some 
alteration in the diet made by researchers, or the subjects were to follow a carefully 
controlled diet for a set period of time. This study, on the other hand, used a descriptive 
design looking at what these subjects were already eating, attempting to see if there was 
any correlation between dietary consumption of trans fatty acids and cholesterol levels. 
In addition, saturated fat was not controlled for or even measured in any way in this 
study. Thus, one factor established by research to affect cholesterol levels was not 
examined in this study. A stronger correlation may have been seen between saturated 
fats and the lipid profiles, than what was shown between trans fats and lipid profiles. 
This limitation to the study could falsify any data found. But, since none of the 
correlations were found to be statistically significant, it seems pointless to examine 
saturated fats more closely at this time. Again, this presents a need for further research. 
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Subjects in this study consumed from 7.8 grams to 157.5 grams of trans fats over 
the 3 day period (or 2.6 to 52.5 grams per day). The mean consumption of trans fats for 
3 days was found to be 51.7 g ± 38.5 (or a mean of 17.2 g/day). These values are close 
to the mean consumption established by Enig et al. (1990), of 19.3 g/day. However, 
based on Enig et al. (1990), the recommended dietary value of trans fatty acids should be 
8 g/day. Even though the subjects ofthis study are likely more diet and health conscious 
than the population in general, as determined by the program participation and their 
health histories, yet most were still eating far more than this recommended value. 
A moderate relationship of dietary trans fats with LDL level was found in this 
study. Most of the other studies reviewed in Chapter two found stronger correlations 
between lipid values and dietary trans fats consumed. Several of the studies showed an 
elevation of LDL cholesterol levels, and a decline in HDL cholesterol levels which were 
statistically significant. 
The results of this study indicate a number of things. First, that substitution of a 
food source containing partially hydrogenated vegetable oils instead of saturated fat (as 
in switching from butter to margarine) for reasons of lowering cholesterol levels and 
consequently ones risk for CAD, may not be effective. Too much trans fatty acids in the 
diet may or may not contribute to CAD. There is no indication in this study that they are 
either worse or better for your health. Since the subjects in this study were not asked to 
modify their diet in any way, a difference in blood lipids was not depicted for two diets 
in the same individual, although this may have proved to provide more useful findings. 
Secondly, no dietary controls were placed on the subjects. For example, controlling for 
the amount of saturated fats each individual had consumed. This too may have proved to 
31 
provide more useful findings. Third, the need for further research is pertinent, as is the 
need to inform consumers about the health speculations of these fats and label foods 
appropriately. Currently the FDA does not require manufacturers to label how much of 
these trans fats are in the foods that they package and sell, although it is already required 
in Canada. 
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CHAPTERV 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The purpose of this study was to examine whether there was a relationship 
between dietary trans fatty acids and blood cholesterol levels in apparently healthy, post-
menopausal women. A dietary record was used over a three non-consecutive day period 
to determine trans fat consumption of the subjects. The three day trans fat values were 
correlated to fasting lipid profiles for each of the subjects in the study. No statistically 
significant correlations were found. 
The results of this study did not show that trans fatty acids are harmful to human 
health when consumed in the diet, as saturated fats are. None of the findings in the study 
were statistically significant and only a weak to moderate (as with LDL) positive trend 
could be seen in the data, suggesting only the possibility of a relationship. As previously 
discussed, the methodology used in this particular study was inadequate to show 
significant results. However, if a different research design had been used, there may have 
been more dramatic and statistically significant results. It is very difficult to control 
human behavior for experimental purposes and in particular when it comes to controlling 
diet, especially in a free-living environment. This is why the researcher did not choose to 
have the subjects alter their diet in a controlled manner, but merely to conduct somewhat 
of a pilot study, and hopefully convey the need for future research which is the most 
important finding that this study can report. Contrary to the hypothesis of this study, it 
reports no effect between dietary trans fat levels and blood cholesterol levels in post-
menopausal women. 
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While the results of this study did not show that dietary trans fatty acids were 
harmful, neither did they indicate that high levels of trans fat in the diet are safe. This 
conveys the need for further research to be conducted. Based on the studies reviewed, 
there is evidence on both sides of the trans fat equation, and like all problems that arise 
in science, this needs to be addressed. There is evidence in the literature that suggests 
that trans fatty acids in the diet may be harmful to the health of human beings. 
Secondly, there is no current regulation on their use by manufacturers nor are they 
required to list the amount of trans fats on their food labels, so there is no way for the 
consumer to know how much trans fat is in a product, allowing people to make a more 
educated choice (McCord, 1994). In our society, in which "the consumer beware", and 
where we like to think that we have choices and education, and educated choices are 
important to us; where we like to think of ourselves as a modem society and "cutting 
edge" when it comes to science, technology, and nutrition as well; the importance of 
labeling our foods truthfully and accurately is important to us as a society. Research is 
one very important way that these things can get accomplished. Unfortunately, it is 
sometimes a very lengthy process. 
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APPENDIX A 
Dietary Intake Record Sheet 
Name 
-----Day of Week __ _ 
24 Hour Report Date 
------DOB/age. ___ _ 
Telephone ___ _ 
Where Description of Food Eaten How Prepared Amount Eaten 
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AppendixB 
Checklist for Dietary Records 
Instructions: Use the list below to help you keep an accurate Food Diary. 
Compare each item in your Diary to the appropriate type of food. Include enough details 
in your description to answer the question below. 
Type of Food 
All 
Cereals 
Baked Goods 
Fruits and Juices 
Vegetables 
Milk Products 
Meat, Fish, Poultry 
Eggs 
Mixed Dishes 
Soups 
Did You Specify 
D Amount eaten? By cup, tablespoon, or teaspoon, using 
standard household measurements? By size, giving 
dimensions (by length, width, thickness, or diameter)? 
By number for standard sized items? By weight? 
D Size of servings? Brand name? Additions such as milk, 
sugar, fruit, or nuts? Instant or ready-to-eat type? 
D Homemade or commercial? From scratch or mix? 
Brand? Topping or frosting? Dimensions? Weight or 
number eaten? 
D Cooked, raw, or dried? Peeled? Fresh, frozen, or 
canned juice? Sweetened? Size of serving? 
D Cooked or raw? Fresh, frozen, or canned? Sauces, or 
other additions? Serving size? 
D Percent fat? Imitation or reduced calorie? Powder or 
liquid? 
D Type of cut? Percent fat? Oil or water packed? Fat, 
skin removed? How prepared? Additions? Cooked 
weight or dimensions of amount eaten? 
D Size? How prepared? Added fat? 
D Homemade or commercial? From scratch or mix? 
Brand? Major ingredients and proportions? Cooking 
method? 
D Homemade or commercial? From scratch or mix? 
Brand? Major ingredients and proportions? Cooking 
method? 
40 
Fats and oils D Stick, tub, diet, whipped, squeeze, or liquid margarine? 
Brand? Major oil, brand of oils, and type of shortening? 
Homemade or commercial salad dressing? Type of oil 
or brand? Low-calorie? Creamy? Additions? 
Beverages D Brand? Sweetened? Diet? Decaffeinated? Alcohol 
content? Additions? Amount? 
Snacks D Brand? Size, weight, or number eaten? 
Restaurant meals D Type: fast food, ethnic, deli, family-style? 
SOME SUGGESTIONS ... ON KEEPING A FOOD DIARY 
1. Write down everything that you eat or drink, including all foods, beverages, nutrient 
supplements, vitamins, etc. Include all your meals and between meal snacks from the 
time you get up until the time you go to bed. 
2. Do not change your usual eating habits while you keep this diary. Eat just as you 
normally do, and be honest! 
3. Write down the information as soon as you finish eating since meals are difficult to 
recall in detail after time has passed. 
4. Describe the type of food you have eaten, giving as many details as possible. For 
example, if you drank milk, indicate whether you had whole, skim, 2%, or 1 % milk. 
Include the brand name of commercial products; and indicate whether the item was 
fresh, canned, or frozen. 
5. Describe how the food was prepared: raw, baked, boiled, steamed, fried, stirfried, 
poached, grilled, toasted, broiled, or microwaved. Also indicate if you trimmed the 
fat off meat, or followed any other special preparation or cooking technique. 
6. Record the amount of food eaten. Use standard household measurements, such as 
teaspoon, tablespoon, or cup. Try to use a measuring cup with increments so you can 
distinguish V4, Yi, etc. You may also measure food by number of pieces (10 french 
fries), by size (meatballs, 2 inches in diameter), or by weight (2Vi oz. bag of potato 
chips). 
7. Include all added ingredients, such as butter, salt, pepper, cooking oil, gravy, sauces, 
syrup, sugar and cream in coffee, and also all alcohol containing beverages, i.e. 
brandy, whiskey, sherry, wine, beer, etc. 
41 
Appendix C 
Fatty Acid Profiles including trans Isomers of 123 Food Sources 
Presented as Grams of Fatty Acid per 100 Grams of Food 
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